CORRESPONDENCE

A small step towards making the national capital region safer from

seismic hazard and risk

The NCR (National Capital Region) cur-
rently shows low level seismicity. However,
according to the historical information,
the region has faced two very large events,
viz. the MMI XII (?7) event in 893 (ref. 1)
and the 1720 (ref. 2) event of MMI XI.
Even relatively distant events have in-
flicted damage in Delhi*”. This obviously
sets up serious alarm regarding seismic
hazard of the region. A repeat of the
1720 event now could be as calamitous,
if not more than the 2001 Bhuj event.

The calamitous, M 7.7, Gujarat earth-
quake of 26 January 2001 occurred in a
region of low seismic activity. Thus a
relatively low rate of small earthquakes
does not necessarily equate to low seis-
mic hazard.

Let us consider the seismic risk in
NCR. Seismic risk consists of exposure
and vulnerability of population, infra-
structure and economy of the region. A
population of about one crore is exposed
to hazard in NCR. There is large propor-
tion of old non-engineered housing that
is highly vulnerable to shaking. The region
being the nation’s capital, is the nerve
centre for internal and external security,
and managing of the national economy.
Thus any disruptions, particularly by a
large event, can have immense catastro-
phic consequences for the entire nation.

For initiating actions to mitigate per-
ceived hazards from future earthquakes,
the first steps are to identify and quantify
the seismic hazard and the exposure and
vulnerability of society to it. The most
popular seismic hazard assessment method
currently in use is PSHA (Probabilistic
Seismic Hazard Assessment). It is based
on the assumption of stationarity of sei-
smicity and a Poisson model of earth-
quake occurrence. It thus provides a time-
independent hazard assessment. The
seismicity, however, is found to show
clustering in space and time, a feature
that is not reflected in the probabilistic
seismic hazard model. For example, the
probability of occurrence increases after
large earthquakes when aftershocks follow.
The Gutenberg Richter recurrence rela-
tion provides estimates of average recur-
rence times of earthquakes, which implies
that following an earthquake of a particular
magnitude, the probability of occurrence
of an earthquake of a similar magnitude
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will tend to increase after the lapse of the
return period.

The physical basis of expecting time-
dependence of probability is Reid’s well
established elastic rebound theory of
earthquake occurrence, wherein there is a
preparatory phase of building up of strain
that is released at the time of the earth-
quake. The probability of occurrence of
an earthquake therefore increases with
time as the strain build up increases. The
time-predictable recurrence model of
large earthquakes of Shimazaki and Na-
kata®is based on this theory, which is the
basis of time-dependent seismic hazard
estimates. Furthermore, the stress trans-
fer from large earthquakes on neighbour-
ing faults forms a feedback mechanism
changing the probabilities7.

A number of PSHA estimates of seismic
hazard of the NCR are available®.
These studies find that a PGA of about
0.15 g has a 10% probability of ex-
ceedance in 50 years. In the light of the
theory of time-dependent hazard noted
above, these estimates do not address the
question: what is the probability of occur-
rence of a large damaging earthquake
like the ones of 893 or 1720 at the pre-
sent time? Is there a probability gain
with elapse of time since the last event?
For earthquake sources in the Himalaya
seismic zone, considering the chances of
occurring of a great earthquake there in
the next 50 years, an estimate of seismic
hazard based on time-predictable model
of seismic hazard shows a 0.3 probability
of experiencing a PGA of 0.2 g in NCR".
This is a probability 3 times higher than
obtained from PSHA model, rendering
the risk that much more serious.

In order to sharpen the hazard assess-
ment of the region we need to consider
the whole spectrum of processes as a sys-
tem — the earthquake hazard system
(EHS). We give below a partial list of
the information defining various aspects
of an earthquake system, that is needed
and which is as yet not available in any
measure for the NCR. Such an integrated
programme will allow generating the in-
formation needed to analyse more inci-
sively the EHS in NCR.

Any comprehensive approach must an-
swer questions such as: what is the seismo-
tectonic regime and what are the govern-

ing parameters of the same ' Can we
define the strain generating systems and
their characteristics'®>'? What are the
spatio-temporal characteristics of seismi-
city and how does it relate to seismic
hazard®>**? What can palaeoseismic in-
vestigations tell us about recurrence rates
and characteristic earthquak6521’23? Their
relationship with tectonics and geologi-
cal structure? How is the hydrological
regime connected with seismiciy24? What
information is being provided by the
small earthquake activity — how far can
we extrapolate from this information to
the large earthquake regimezs’%? What
geological process has resulted in hot
springs in the area and how is it related
to the seismo-genesis in the region24? Can
it provide any clues as to time-dependent
changes of strain regime in terms of time
dependent thermal, flow rate and compo-
sitional (e.g. radon content, etc.) anoma-
lies? What is the detailed 3-d geological
and geophysical structure of the region?
What clues can the satellite data provide
to understand the evolution of the seismo-
genic processes”’zg‘? How can GPS (e.g.,
ref. 21) data come in to constrain the
carthquake system? How can we generate
a time-dependent seismic hazard estimate
with respect to seismicity in NCR, etc?
The references above are cited with the
purpose of setting the horizon for deve-
loping the programme and are not com-
prehensive in any manner. Similar
questions can be formulated in respect of
Earthquake Risk System (ERS) to enable
creating a programme that is as compre-
hensive and effective as it can get, to miti-
gate possible disastrous effects and
efficient relief measures in case of such
an eventuality. However, since the problems
are highly inter-disciplinary, for successful
achievement, involvement of groups of
specialists is essential, which can distin-
guish between chaff and grain and produce
a programme that has implementable
goals and the best means to do it.

A well considered, over-arching sci-
ence research plan to address the EHS
and ERS for NCR brought to light by
publishing in forums like Current Sci-
ence, Internet Web Site of the DST, etc.
will enable the science community as
well as other interested elements to be-
come familiar with the programme, parti-

CURRENT SCIENCE, VOL. 91, NO. 12, 25 DECEMBER 2006



CORRESPONDENCE

cipate in a debate, thereby contributing
their ideas to enrich the programme fur-
ther.

It is recognized that full information
about the ongoing programmes is not
available with the authors, nevertheless
we note that, to the credit of the pro-
gramme, in recent past successful investiga-
tions have been launched for earthquake
hazard micro-zoning of the region using
noise and earthquake recordslz’13, PSHA14,
etc.
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